APPARATUS FOR AND METHOD OF HEAT-TREATING A WAFER 



BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to an apparatus for and to a method of 
temperature-conditioning a wafer in the process of manufacturing a semiconductor 
device. More particularly, the present invention relates to an apparatus for and to a 
method of controlling the distribution of surface temperatures of the wafer. 

2. Description of the Related Art 

The manufacturing process of a semiconductor device includes heat-treating 
a_wafer 5 _o.r„various_films such_as_phptojiesist films, con ductive film s, and dielectric 
films formed on the wafer, at a predetermined temperature so that the structure 
thereof is stabilized. In particular. Such heat-treating is carried out during 
photolithography. In photolithography, a photoresist on the wafer is patterned after a 
predetermined pattern of a reticle, by coating the wafer with photoresist, exposing 
the coating of photoresist through the reticle, and developing the photoresist to 
remove the exposed or unexposed portion thereof. For example, when 
manufacturing a very large scale integrated (VLSI) semiconductor device having a 
critical dimension (CD) less than 0.3 pm, after the wafer is coated with a chemically 
amplified photoresist, a heat treatment is carried out in which the wafer is baked at a 
temperature within the range of 80 ~ 300 °C so that a solvent used to apply the 
photoresist is evaporated and the photoresist remains on the wafer in the form of a 
film having a stable structure. Then, a heat treatment referred to as a post exposure 
bake (referred to as "PEB M hereinafter) is performed, thereby forming H + in a 
continuous reaction. In PEB, an acid catalyst is formed by the decomposition of a 
photoacid generator (PAG). In addition, after the development process, a heat 
treatment known as a hard bake is performed to dry the wafer and harden the 
photoresist. In addition to these heat treatments, a heat treatment for heating the 
wafer to a temperature higher than the melting point of the photoresist may, if 
necessary, be performed. This heat treatment causes a proper amount of the 
photoresist on the wafer to flow on the wafer after the development process, so that 
a desired critical dimension can be realized. 



An example of a heat-treatment apparatus for heat-treating a wafer as 
described above is schematically shown in FIG. 1. This heat treatment apparatus, 
namely a bake unit, comprises a housing 1 , a heat transfer plate 2 disposed in the 
housing 1 , and a heater 3 located within the heat transfer plate 2. When a wafer 9 is 
to be heat-treated by the bake unit, the wafer 9 is inserted in the housing 1 and is 
laid on the heat transfer plate 2, and is heated by heat transferred from the heater 3 
via the heat transfer plate 2. Horizontal movement of the wafer 9 on the heat 
transfer plate 2 is limited by a guide means (not shown). 

The surface of the heat transfer plate 2 has a characteristic temperature 
distribution meaning that different temperatures are produced across the surface 
thereof when the heater 3 is operated. These varying temperatures occur due to 
minute differences in dimensions of the heat transfer plate 2, structural differences 
thereof and the configuration and location of the heater 3 within the heat transfer 
plate. Therefore, the wafer 9 to be heat-treated is subject to the temperature 
distribution at the surface of the heat transfer plate 2 on which the wafer 9 is laid, 
whereby the temperatures at different portions of the wafer 9 vary. In addition, the 
temperatures within the housing 1 are influenced by the direction and velocity of the 
air flow around the bake unit. Therefore the distribution of surface temperatures of 
the wafer 9 heat-treated by the bake unit may fluctuate from the desired surface 
temperature distribution. 

If a PEB is performed on the wafer 9 using the bake unit after exposing a 
chemically amplified photoresist on the wafer 9 to the same energy level over an 
entire exposure portion of the wafer, the chemical reaction proceeds at different 
rates at respective portions of the exposed photoresist on the wafer 9 due to the 
variations in the surface temperature of the wafer 9. Therefore, different quantities 
of the solubilized polymer are removed during developing, resulting in irregularities 
in the critical dimensions. That is, because an active reaction proceeds during PEB 
in a portion of the photoresist located directly over a region of the wafer 9 having a 
high surface temperature, a large quantity of the solubilized polymer is produced 
and the critical dimension of that portion widens during development. On the other 
hand, because the reaction proceeds relatively slowly in that portion of the 
photoresist extending over a region of the wafer 9 having a relatively low surface 
temperature, the critical dimension of that portion narrows during development. 



Taking this into consideration, differences in temperature within the bake unit 
are compensated for by regulating the energy levels, at which the respective 
portions of the photoresist are exposed, to correspond to the temperature 
distribution characteristic of the bake unit. For instance, the portions of the 
photoresist extending over the regions of the wafer 9 having a high surface 
temperature within the bake unit are subjected to a relatively low energy level during 
the exposure process, whereas the portions of the photoresist extending over the 
regions of the wafer 9 having a lower surface temperature are subjected to a higher 
energy level. Consequently, less acid, which will serve as a catalyst during the PEB, 
is produced in the portion of the photoresist exposed to the lower energy level than 
in the portion exposed to the higher energy level. Thus, relatively uniform critical 
jjimensions_can^ 

However, such uniform critical dimensions degrade when the wafer exposed 
to energy adjusted in consideration of the temperature distribution characteristic of 
any one bake unit is heat-treated in another bake unit. Therefore, the wafers which 
are to be heat-treated more than once must be heat-treated sequentially in the same 
bake unit. 

However, as is well known, the PEB process requires a long time whereas 
the applying, developing, and exposing of the photoresist can be performed in a 
relatively short time. That is, the PEB process requires the longest time of all the 
processes involved in photolithography and therefore, the PEB process is 
considered to pose a limit on the overall productivity associated with 
photolithography. The problem, per se, of the low productivity of photolithography 
as caused by the PEB process could be easily resolved by, for example, heat- 
treating the exposed wafers using a plurality of bake units disposed in parallel. 
However, if the exposed wafers are not subjected to PEB in the same bake unit 
used during the exposure process, the above-described problem of non-uniformity in 
their critical dimensions arises. Accordingly, the delay caused by the PEB process 
cannot be overcome without giving rise to other significant problems. Thus, the 
productivity associated with photolithography remains low. 



SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to provide a method of and 
an apparatus for heat-treating a wafer such that the distribution of surface 
temperatures of the wafer when heat-treated corresponds to a desired distribution of 
surface temperatures determined in advance of the heat-treatment. 

To achieve this object, the heat-treating apparatus of the present invention 
includes a heat transfer plate, a heater, and a plurality of spacers projecting from the 
upper surface of the heat transfer plate such that a wafer to be heat-treated can be 
supported by the spacers while facing and being spaced from the heat transfer 
plate. The spacing between the wafer supported by the spacers and the heat 
transfer plate, and the inclination of the wafer relative to the upper surface of the heat 
transfer plate can be adjusted by the spacers to produce the desir ed distribution of 
surface temperatures. 

To achieve the object, the method of heat-treating a wafer according to the 
present invention comprises the steps of setting a wafer in a position above a heat 
transfer plate, heat-treating the wafer by transferring heat between the heat transfer 
plate and the wafer disposed thereabove. To set the wafer in position for heat- 
treatment, the wafer are spaced by and inclined relative to the upper surface of the 
heat transfer plate by amounts which have been predetermined to produce a desired 
distribution of surface temperatures across the wafer when the wafer is heat-treated. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The above and other objects, features and advantages of the present 

invention will become more apparent by referring tot he following detailed 

description of the preferred embodiments thereof made with reference to the 

attached drawings, of which: 

FIG. 1 is a schematic sectional view of a conventional wafer heat-treatment 

apparatus; 

FIG. 2 is a schematic sectional view of an embodiment of a heat-treatment 
apparatus according to the present invention; 

FIG. 3 is a plan view of the heat transfer plate shown from the perspective of 
arrow A of FIG. 2; 



FIGS. 4A and 4B are diagrams illustrating characteristic temperature 
distributions of first and second heat transfer plates of respective heat-treatment 
apparatus; 

FIGS. 5A and 5B are diagrams illustrating the surface temperature 
distributions of wafers heat-treated by using the first and second heat transfer plates 
having the characteristic temperature distributions shown in FIGS. 4A and 4B, 
respectively; 

FIG. 6 is a diagram illustrating the surface temperature distribution of a wafer 
heat-treated by the second heat transfer plate, having the characteristic temperature 
distribution shown in FIG. 4B, but after spacers of the heat-treatment apparatus had 
been adjusted according to the present invention; 

■FlG...-7:is a schematic_sectional_view illustrating a heat-treatment apparatus for 
a wafer according to another embodiment of the present invention; 

FIG. 8 is a plan view of the heat transfer plate of FIG. 7 shown from the 
perspective in the direction indicated by arrow A; 

FIG. 9 is a front view illustrating the heat transfer plate portion according to 
still another embodiment of the present invention; and 

FIG. 10 is a schematic bottom view diagram illustrating the heat transfer plate 
shown in FIG. 9. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Referring to FIGS. 2 and 3, like the conventional heat treatment apparatus 
described with reference to FIG. 1, the heat treatment apparatus of the present 
invention can be used, for example, when a wafer is heat-treated during 
photolithography. Such a heat treatment apparatus will be referred to hereinafter as 
a "bake unit" and comprises a housing 10 and a heat transfer plate 20. 

The housing 10 includes a lower case 1 1 and an upper case 12. When a 
wafer 9 is to be heat-treated, the upper case is separated upwardly from the lower 
case, the wafer 9 is placed on the heat transfer plate 20, and the upper case 12 is 
closed so as to once again abut the lower case 1 1 as shown in FIG. 2, thereby 
forming a space in which the wafer 9 is heat-treated. The heat transfer plate 20 is 
provided with a plurality of guide pins 25 intended to be disposed around the wafer 9 
for preventing the wafer from moving in horizontal directions. A heater 3 for heating 



the wafer 9 is disposed within the heat transfer plate 20. Heat generated by the 
heater 3 is transferred to the wafer 9 via the heat transfer plate 20, whereby the 
wafer 9 is heat-treated. 

On the other hand, as distinguished from the conventional bake unit, the bake 
unit of the present invention includes spacers 30. Each spacer 30 is thin and 
annular and extends around a guide pin 25 as resting on the heat transfer plate 20. 
The spacers 30 project upwardly from the heat transfer plate 20 so that the spacers 
30 will support the wafer 9 as spaced from the heat transfer plate 20. Each spacer 
30 is freely withdrawable from the guide pin 25 so that it can be replaced, if 
necessary, with another spacer having a different thickness when the distance 
between the wafer 9 and the heat transfer plate 20 or the inclination of the wafer 9 
^relative _to-the-heat transfer„plate 20_must be .adjusted . To JhLs end ? each spacer 30 
is preferably loosely fitted to the corresponding guide pin 25 so that the spacer 25 
can be easily withdrawn from the guide pin 25 when being replaced. 

As with the conventional bake units, the heat transfer plate 20 has a 
characteristic temperature distribution when the heater 3 is operated. In addition, 
the temperatures within the housing 10 of the bake unit vary within the housing 10 
according to the environment in which the bake unit is located. Therefore, when the 
wafer 9 is heat-treated within the bake unit, the wafer 9 acquires a characteristic 
temperature distribution based on the characteristic temperature distribution of the 
heat transfer plate 20, and the direction and velocity of air flow around the bake unit 
and the like. A wafer 9 sequentially heat-treated in the same bake unit without 
change would retain its characteristic temperature distribution. 

Nonetheless, the spacers 30 of the present invention allow a plurality of bake 
units to be used in parallel in, for example, the PEB process without affecting the 
characteristic temperature distribution of the wafers which have been previously 
heat-treated in another bake unit. 

A method of using the bake units of the present invention in parallel will be 
described in detail with reference to a trial method performed by the present 
inventors with two bake units disposed in parallel in the manufacturing line. For 
reference, the characteristic temperature distribution of the heat transfer plate 20 of 
one of the two bake units (referred to as the "first bake unit" hereinafter) is shown in 
FIG. 4A, and the characteristic temperature distribution of the heat transfer plate 20 




of the other bake unit (referred to as the "second bake unit" hereinafter) is shown in 
FIG.4B. 

First, spacers 30 having thicknesses of 0.10 mm were inserted around 
respective guide pins 25 of the heat transfer plate 20 of the first bake unit such that 
5 all of the projections provided by the spacers 30 around the guide pins 25 were 0.10 
mm high with respect to the upper surface of the heat transfer plate 20. Then, after 
the heater 3 of the first bake unit was operated and the heat transfer plate 20 
reached a desired temperature, i.e. was in a sufficiently stabilized state, a sample 
wafer 9 was placed on the spacers 30 of the first bake unit. The wafer 9 was heated 
10 to within a range of desired temperatures and once the temperature of the wafer 9 
had sufficiently stabilized, the surface temperatures of the wafer 9 were measured. 
Various ..methods-of determining Jhe^distribution of_surface_temp.eratur_esjo.f a 
O wafer are known. The present inventors used a method in which a dummy wafer 
ffi provided with temperature measuring sensors installed at a plurality of portions 
M thereof was used, and the surface temperatures at these locations were measured 
On based on the signals generated by the temperature measuring sensors. 
q The results of these measurements are shown by the isothermal lines in FIG. 

5A. These results show that the surface of the wafer 9 exhibited a temperature 
On distribution in which the temperatures of the central portion thereof was the highest 
|£ and those of the peripheral portion were the lowest , and that the left edge portion 
□ 91 and the right edge portion 92 had almost the same temperature distribution. 
~~ Specifically, the central portion had a temperature of 146.36°C, and the peripheral 
portion had a temperature of 145.81 °C, the temperature difference between the two 
being 0.55°C, and the mean temperature of the entire surface of the wafer 9 being 
25 146.06°C. 

Next, spacers 30 each having a thicknesses of 0.10 mm were used in the 
second bake unit, such that all of the projections provided by the spacers 30 around 
the guide pins 25 were also 0.10 mm high with respect to the upper surface of the 
heat transfer plate 20. Thereafter, a wafer 9 was baked under the same conditions 
30 used with respect to the first bake unit, and the surface temperatures of the wafer 9 
were measured. 

The result of these measurements are shown by the isothermal lines in FIG. 
5B. These results show that the surface of the wafer 9 exhibited a temperature 
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distribution in which the temperature of the left edge portion 91 was higher than that 
of the right edge portion 92 and in which the temperature difference therebetween 
was relatively large. Specifically, the central portion had the highest temperature of 
any portion of the surface of the wafer 9, namely 145.81 °C, the peripheral portion 
had the lowest temperature, namely 145.16°C, the temperature difference 
therebetween was 0.65°C, and the mean temperature of the entire surface of the 
wafer 9 was 1 45.49 °C. 

Thereafter, the conventional method was tested. In this case, the exposure 
energy produced by an exposure unit of photolithography apparatus was adjusted 
based on the surface temperature distribution of the wafer treated within the first 
bake unit. Then, a first wafer exposed by the exposure unit was heat-treated using 
_th e_f i rs t ba ke_u n it ; _a n d_a_s,e.co n d_wafe r_a Iso exposed by the exposure unit was heat- 
treated using the second bake unit. The critical dimensions of the wafer baked using 
the second bake unit were found to be significantly degraded by the PEB. 

Next, considering that the left portion of a wafer heat-treated in the second 
bake unit will be heated to a higher temperature than the right portion thereof, the 
spacers of the second bake unit were changed. More specifically, spacers were 
provided so that the spacing between the left edge portion 91 of the wafer 9 and the 
heat transfer plate 20 of the second bake unit was 0.1 1 mm, and the spacing 
between the right edge portion 92 of the wafer 9 and the heat transfer plate 20 was 
0.09, whereby the temperature of the left portion of the wafer 9 would be relatively 
lower and that of the right portion would be relatively higher than the corresponding 
portions of the wafer heat-treated in the second bake unit when all of the spacers 
provided projections of 0.10 mm around the guide pins 25. Thereafter, the wafer 9 
was placed on the adjusted spacers, heat-treated, and the surface temperatures of 
the wafer 9 were measured. 

The result of these measurements are shown in FIG. 6. In this case, the 
wafer 9 had a temperature distribution in which the temperature of the central 
portion of the wafer 9 was high and that of the peripheral portion was low, and in 
which the temperature difference between the left edge portion 91 and the right 
edge portion 92 was markedly reduced compared to the case when the conventional 
method was performed, i.e., the wafer 9 had a temperature distribution similar to that 
of the wafer 9 treated in the first bake unit (FIG. 5A). The central portion had the 
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highest temperature (1 45.86 °C) of any portion of the surface of the wafer 9, the 
peripheral portion had the lowest temperature (145.30°C), the temperature 
difference was 0.56°C, and the mean temperature of the entire surface of the wafer 
9 was 145.55°C. 

In addition, when several of the exposed wafers exposed were heat-treated 
within the second bake unit and developed, and the critical dimensions thereof were 
measured, the critical dimensions of the wafers were found to have been degraded 
to nearly the same extent as those of the wafer heat-treated using the first bake unit. 
This reveals that the first and second bake units can be used in parallel to enhance 
the productivity of the manufacturing line. 

And, even though the smaller the spacing between the wafer 9 and the heat 
transfer plat e 20, the quicke r the wafer stab il izes at its highest tem peratur e, the 
distribution of surface temperatures of the wafer 9 nonetheless disadvantageously 
approaches the characteristic temperature distribution of the heat transfer plate 20. 
And, even though the distribution of the surface temperature of the wafer 9 becomes 
more independent of the characteristic temperature distribution of the heat transfer 
plate 20 as the spacing between the wafer and the heat transfer plate increases, the 
time required for the temperature of the wafer to stabilize at its highest temperature 
disadvantageously increases as well. Therefore, the spacing between the wafer 9 
and the heat transfer plate 20 should be predetermined only considering the 
conditions existing at the actual site where the wafer 9 is to be heat-treated. The 
present inventors found through separate simulations that, for their tests, the most 
suitable mean spacing between the wafer 9 and the heat transfer plate 20 was 0.10 
mm, and the above-described tests were performed based on the results of these 
simulations. 

In the method according to the present invention, a desired distribution of 
surface temperatures of the wafer 9 can be produced by adjusting the inclination of 
the wafer 9 and the spacing between the wafer 9 and the heat transfer plate 20, that 
is, by adjusting the heights of the projections provided by the spacers 39. Therefore, 
for example, when the distribution of surface temperatures of a wafer produced by 
the heat treatment performed by any one bake unit is taken as a reference standard, 
other bake units can be adjusted based on the reference distribution of surface 
temperatures, so that a plurality of wafers can be simultaneously heat-treated using 



the plurality of bake units, whereby the wafers will possess uniform characteristics. 
Thus, the present invention is particularly well-suited to a manufacturing process 
requiring precise temperature control, such as the PEB process. 

Although the present invention has been described as comprising annular 
spacers which allow the spacing between the wafer 9 and the heat transfer plate 20 
to be adjusted, various other means may be employed which enable the heights of 
projections on which the wafer rests to be adjusted. 

For instance, FIGS. 7 and 8 show another embodiment of a bake unit 
according to the present invention. In this bake unit, a housing 10, a heat transfer 
plate 20 and a heater 3 are similar to those described with reference to the 
embodiment of FIG. 2. On the other hand, the bake unit of this embodiment is 
.provided with_pin-like_s papers 40. 

The upper end of each spacer 40 projects from the upper surface of the heat 
transfer plate 20 so that a wafer 9 inserted in the housing 10 can be spaced from the 
heat transfer plate 20 as supported by the spacers 40. The spacers 40 can be 
vertically movable individually with respect to the heat transfer plate 20. Various 
means can be employed to allow the spacers 40 to be vertically movable with 
respect to the heat transfer plate 20. In this embodiment, each spacer 40 is provided 
with screw threads mated to female threads formed in the heat transfer plate 20. 
Therefore, when a torque is applied to each spacer 40, the spacer 40 will be raised 
or lowered. Accordingly the height of the spacer 40 can be properly adjusted and 
selected. The material of the spacers 40 is preferably the same as that of the heat 
transfer plate 20 to provide for an effective transfer of heat to the wafer. 

Because the height of the spacers 40 can be adjusted independently of one 
another by a technician, the spacing between different portions of the wafer 9 and 
the heat transfer plate 20 can be adjusted. Therefore, these bake units can be used 
in parallel for the same for the same advantage as described with reference to the 
embodiment of FIG. 2. 

FIGS. 9 and 10 show a heat transfer plate of still another embodiment of a 
bake unit according to the present invention. 

In this embodiment, three spacers 40 comprising pins similar to the spacers 
40 of the embodiment shown in FIG. 7 extend through the heat transfer plate 20. 
However, in this embodiment, three motors 50 and a power transmission 



mechanism are coupled tot he spacers 40. The power transmission mechanism 
transfers the powers of the motors 50 to the corresponding spacers 40, and 
comprises worm wheels 41 fixed to the spacers 40, respectively, and worms 51 
assembled to the output shafts of the motors 50 and engaged with the worm wheels 
41. 

When any one of the motors 50 operates, the spacer 40 associated with the 
motor 50 is rotated by the power transferred via the worm 51 assembled to the 
output shaft of the motor 50 and the worm wheel 41 engaged with the worm wheel 
51 . Accordingly, the spacer 40 is raised or lowered with respect to the heat transfer 
plate 20. Because the heights of the spacers 40 with respect to the heat transfer 
plate 20 can be adjusted independently of one another, a plurality of these bake 
u n itsxa n be _d is posed J n_pa ra I lei fo r p.erfQrmi n g the same sta ge of heat-treatme nt. 

Although the present invention has been described with respect to the 
preferred embodiments thereof, many changes thereto and modifications thereof will 
become apparent to those of ordinary skill in the art. 

For example, the power transmission mechanism of the embodiment of 
FOGS. 9 and 10 has been described and shown as a worm 51 fixed to the output 
shaft of the motor 50, and a worm wheel 41 engaged with the worm 51 and fixed to 
the spacer 40. However, the present invention is not limited to such a structure and 
other power transmission mechanisms may be employed. The worm wheel 41 may 
instead be connected to a spacer 40 via a plurality of reduction gears instead of 
being directly connected thereto. In addition, as the means for moving the spacers 
40 vertically, any one of numerous means, known to those of ordinary skill in the art, 
of converting the torque of a motor into linear motion, may be employed by the 
present invention without departing from the spirit thereof. 

Still further, the motors 50 may be separately operated by switches manually 
operated by a technician or, for example, may be automatically operated by a signal 
generated by a controller based on the difference between the actual surface 
temperature distribution of a wafer and temperature distribution data input to 
controller in advance. 

Furthermore, although the housing 10 has been described and shown as 
comprising a lower case 1 1 and an upper case 12, it should be understood that the 
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housing could be of one piece with a doorway for a wafer formed at one side of the 
housing. 

And, although the present invention has been described in connection with 
photolithography, the present invention can be applied to any semiconductor 
manufacturing process which involves the heat-treating of a wafer. 

In addition, although the present invention has been described as a bake unit 
provided with a heater 3 in the heat transfer plate 20 for heating the wafer 9, the 
present invention can be applied to a structure in which cooling water is circulated in 
or a cooling source is installed in the heat transfer plate for cooling the wafer. 

Therefore, all such changes and modifications are seen to be within the true 
spirit and scope of the present invention as defined by the appended claims. 
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